In this paper we propose an explanation to the Fermion mass hierarchy problem by fitting the type-II seesaw mechanism into the Higgs doublet sector, such that their vacuum expectation values are hierarchal. We extend the Standard Model with two extra Higgs doublets as well as a spontaneously broken U X (1) gauge symmetry. All fermion Yukawa couplings except that of top quark are of O(10 −2 ) in our model. Constraints on the parameter space from Electroweak precision measurements are studied. Besides, the neutral component of the new fields, which are introduced to cancel the anomalies of the U (1) X gauge symmetry can be dark matter candidate.
I. INTRODUCTION
In the Standard Model (SM) of particle interactions, charged fermions get masses through the spontaneously broken of the electroweak symmetry and the Higgs mechanism, while neutrinos are massless. At M Z , the charged lepton masses and the current masses of quarks are given by [1] In this paper, we attempt to solve or explain the charged fermion and neutrino mass hierarchy problem in the three Higgs doublet model. There are already many excellent literatures focusing on this issue [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In our model, one Higgs doublet get its vacuum expectation value (VEV) in the same way as that of the SM Higgs boson, while the other two Higgs fields get their VEVs through the mechanism similar to type-II seesaw model 1 ,
i.e., they get their VEVs through their mixings with the SM Higgs. Such that the VEVs can be normal hierarchal, which is guaranteed by the spontaneously broken U(1) gauge symmetry. We set them to be v 1 = 100 MeV , v 2 = 10 GeV and v 3 = 173 GeV in our first generation Higgs field. Such that Dirac neutrino mass matrix is naturally small without requiring small Yukawa coupling constants. Then active neutrinos may get small but nonzero masses through the TeV-scale seesaw mechanism [20] . We introduce some new fields to cancel anomalies of the U(1) X gauge symmetry, and the neutral component of them can be cold dark matter candidate. We will study its signatures in dark matter direct detection experiments.
The note is organized as follows: In section II we give a brief introduction to the model, including particle contents, Higgs potential and scalar mass spectrum. Section III is devoted to study the fermion masses. We investigate constraints on the model from Electroweak precision measurements and dark matter phenomenology in section IV and V. The last part is concluding and remarks. 
II. THE MODEL
We extend the SM with three right-handed neutrinos, two extra Higgs doublet, one Higgs singlet as well as a flavor dependent U(1) X gauge symmetry. Six generation fermion singlets η(ξ) with U(1) X hypecharge (−)1 as well as three generation fermion singlets ψ L with U(1) X hypecharge 0 are introduced to cancel the anomalies. The particle contents and their representation under the U(1) gauge symmetry are listed in table I. We apply the type-II seesaw mechanism to the Higgs doublet sector. The most general Higgs potential can be written as
It can be blog diagonalized and the mapping matrix can be written as
where V i is the 2 × 2 unitary matrix and the expressions of T and Z are listed in the appendix. The corresponding mass eigenvalues are then
where
The mass matrix for the CP-odd Higgs fields is
which has two non-zero eigenvalues
The other two are Goldstone bosons eaten by Z and Z ′ , separately.
Let's give some comments on the Z − Z ′ mixing. Phenomenological constraints typically require the mixing angle to be less than (1 ∼ 2) × 10 −3 [26] and the mass of extra neutral gauge boson to be heavier than 860 GeV [27] . The multi-Higgs contributions to Z − Z ′ mixing from both tree-level and one-loop level corrections are studied in Ref [25] . A suitable mass hierarchy and mixing between Z and Z ′ are maintained by setting v 1 , v 2 < 10 GeV,
III. FERMION MASSES
Due to the flavor-dependent U(1) X symmetry, the Yukawa interaction of our model can be written as
After U(1) X and electroweak symmetry spontaneously broken, we may get the mass matrix for the upper quarks and down quarks:
As we showed in the last section, v i is hierarchal and we set v 1 = 0.1 GeV, v 2 = 10 GeV and v 3 = 173 GeV in our calculation. For simplification we may also set M u , M d to be nearly diagonal matrices using discrete flavor symmetry, such as Z Eq. 14, Yukawa coupling constant can be nearly at the same order. But we need to study constraint on the Yukawa couplings from electroweak precision measurements, which will be carried out in the next section.
The most general charged lepton mass matrix and Dirac neutrino mass matrix are
The charged lepton mass matrix is quite similar to that in the A 4 model [28, 29] . We set it to be diagonal using Z 2 × Z 2 × Z 2 flavor symmetry, which is explicitly broken by neutrino η and ξ get masses after the U(1) X symmetry spontaneously broken. Besides they mix with the charged leptons through the Yukawa interactions. To be consistent with the EW precision measurements, we assume the mixing is relatively small. ψ L may get the mass in the same way as that of right-handed neutrinos. It can be stable particle with the help of Z 2 flavor symmetry, thus it can be dark matter candidate. It's phenomenology will be studied in section V.
IV. CONSTRAINTS
There are two major constraints on any extension of the Higgs sector of the SM.: the ρ parameter and the flavor changing neutral currents(FCNC). Notice that in a model with only Higgs doublet, the tree level of ρ = 1 is automatic without adjustment to any parameters in the model. For our model ρ is maintained as the constraint on theZ − Z ′ mixing is fulfilled.
Our model doesn't obey the the theorem called Natural Flavor Conservation by Glashow
and Weinberg, such that there are tree level FCNC's mediated by the Higgs boson. In the basis where M u is diagonalized, M D can be written as
whereD = diag{m d , m s , m b }. and U CKM is the CKM matrix. Then the flavor changing neutral current can be written as
In this section, we consider various processes where FCNC may contribute significantly. Taking into account the experimental results of these processes, we may constrain the parameter spaces of the model.
A. K −K mixing
There are two well measured quantities related to K −K mixing: the mass difference and the CP violating observable. In this paper, we only focus on the contribution to the mass difference ∆M K , which get its main contribution from the tree level exchange of h 0 i (We assume CP-odd Higgs bosons being much heavier than CP-even ones, which dominate the contributions to the K −K mixing). The relevant vertices can be read from Eq. 18:
Thus the mass difference can be derived through the mass insertion method:
where 
Then we have
where y α , y β = m 
C. B −B mixing
The mass difference in the neutral B meson system has been well measured by the D0 Collaboration and the CDF Collaboration at the Fermilab Tevatron. Similar to that of K −K mixing, there are also tree-level contributions to the ∆M Bα . The following are relevant vertices that might lead to B α −B α mixing:
Direct calculation gives
with 
V. DARK MATTER
In our model the neutral fermions ψ L ( introduced to cancel the anomalies of N R ) is stable and thus can be dark matter candidate. Its relic density can be written as
where h is the Hubble constant in units of 100 km/s · Mpc, M P l = 1.22 × 10 19 GeV is the Planck mass, g * accounts the number of relativistic degrees of freedom at the freeze-out temperature and M Z ′ is the mass of Z ′ with Γ Z ′ its decay width. We set x f equals to 20 in our calculation, a typical value at the freeze-out for weakly interacting particles.
The elastic scattering cross section of Dark matter off the nucleon can be written as
We follow the DARKSUSY [30] and use the following inputs for the spin-dependent calculations:
For our model, the coefficient d q can be written as
where a q is the hypercharge of quarks under the new U(1) gauge symmetry.
The cosmological experiments have precisely measured the relic density of the nonbaryonic cold dark matter: Ω D h 2 = 0.1123 ± 0.0035 [31] . Taking this result into Eq. 27, we may derive g X as implicit function of M DM and M Z ′ . Then one free parameter is reduced.
We plot in Fig. 3 σ(χn → χn) as the function of the mass of the dark matter constrained by the dark matter relic density. The solid and dotted lines correspond to M Z ′ = 600 and 800 GeV,separately. The Xenon-100 [32] gives the strongest constraint on the dark matter-nucleon scattering cross section in the region, which is about [1 × 10 −44 , 4 × 10 −44 ].
It constrains M DM lying near 1/2M Z ′ for our model, around which all the experimental constraints may be fulfilled.
VI. CONCLUSION
In this paper, we proposed a possible solution to the fermion mass hierarchy problem by fitting the type-II seesaw mechanism into the Higgs doublet sector. We 
